Background: Systemic Lupus Erythematosus (SLE) is characterised by fluctuating periods of minimal disease activity and 'flare'. Flare is an important outcome variable impacting the disease burden associated with SLE. The objective of this study was to obtain population-based utility values for varying severities of flare to measure the impact on health-related quality of life (HRQoL) in Australia, Canada, France, Japan, Spain and the UK. Methods: Six health states (HS) for varying severities of flare were developed based on literature, patient blogs, and interviews with patients (n = 12), rheumatologists (n = 7) and nurses (n = 2). HS were validated by independent clinical experts (n = 6) and pilot interviews (n = 10, UK). HS were evaluated using the time-trade-off (TTO) method during face-to-face interviews with a minimum representative sample (n = 100) of the general population, per-country. Visual Analog Scale (VAS) scores were obtained to validate TTO scores. TTO scores were converted into utility values. Conclusions: These results show increasing severity of flare has a detrimental impact on HRQoL. The severe generalised flare HS received the lowest mean utility score suggesting that the perceived day-to-day impact of a severe generalised flare was greater than a severe CNS or severe renal flare. This is, to the best of our knowledge, the first utility study to assess varying severities of flare in SLE across six different countries.
Background
Systemic Lupus Erythematosus (SLE) is a chronic, multisystem, autoimmune disease which predominantly affects women (>90 %) [1] . SLE is associated with the inflammation and subsequent damage of multiple organ systems, notably the skin, joints, heart, lungs, kidneys and central nervous system (CNS) [1] . The manifestations of SLE are wide-ranging, including but not limited to rashes (predominantly on sun exposed areas), photosensitivity, polyarthritis, ulcers and fatigue [1] . SLE patients typically experience multiple manifestations [1] .
SLE is characterised by periods of fluctuating disease activity, a patient can experience periods of minimal disease activity and periods of 'flare' [1] . Changes in disease activity are captured using validated indices such as British Isle Lupus Activity Group (BILAG) index [2, 3] and Safety of Estrogens in Lupus Erythematosus National Assessment version of the Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI) [3, 4] . Severe flares are associated with organ damage accrual and mortality [3] . Management of SLE is increasingly aimed at the minimisation of disease activity or treatment-related adverse events which may contribute to irreversible organ damage and an increase in co-morbidities [5, 6, 7] .
Flare has been shown to be an important outcome variable impacting the burden of disease associated with SLE, including patient-reported health-related quality of life (HRQoL) and economic burden. Major organ flares such as those involving the kidneys or CNS are associated with increased healthcare resource use, including hospital admissions and procedures [7, 8] . The clinical burden of severe renal flares is substantial however, previous studies have demonstrated no significant difference in HRQoL between patients with and without renal involvement [9] .
Previous studies have shown musculoskeletal flares and subsequently joint pain are a significant predictor of low HRQoL in SLE patients [10, 11] . Patients experiencing high levels of pain were also burdened with greater fatigue, anxiety and depression, than SLE patients experiencing low levels of pain [12] . Fatigue, anxiety and depression are associated with a detrimental impact on patient HRQoL [12] [13] [14] .
Health utilities play an important role in health economic evaluations and provide a method of assessing the impact of SLE flare on HRQoL. Health utilities are values that define an individual's preference for a specific health outcome, and are used alongside clinical outcomes to define quality-adjusted life years (QALYs) in health economic evaluations.
Reimbursement bodies recommend indirect elicitation of utilities using the EQ-5D, however when this instrument is deemed insufficient direct valuation techniques can be used [15] [16] [17] [18] . There are a number of alternative direct valuation techniques. The Time Trade Off (TTO) method, administered via face-to-face interviews with the general public is the preferred valuation technique by the National Institute for Health and Care Excellence (NICE), when the EQ-5D is not suitable [18] .
The objective of this study was to obtain populationbased utility values for varying severities of SLE flare to measure the impact on HRQoL for Australia (AU), Canada (CA), France (FR), Japan (JPN), Spain (ES) and the United Kingdom (UK). This is, to the best of our knowledge, the first utility study to assess varying severities of flare in SLE across six different countries.
Methods

Study design and rationale
A cross-sectional study, using the TTO method, was conducted with a minimum of 100 members of the general public in AU, CA, ES, FR, JPN and the UK [19] . EQ-5D data collected within randomised controlled trials may not optimally capture the disutility associated with SLE flares [20] when administered at set time points which may not have coincided with a patient experiencing a flare. In addition the EQ-5D may fail to capture the anxiety experienced between flares or adverse events associated with treatment [20] . Therefore direct elicitation was considered an appropriate tool for elicitation of utility values. The TTO method was considered to be the most appropriate direct elicitation technique versus standard gamble (SG). SG is associated with numeracy issues and risk aversion when asking the participant to "bet" on death [21] . Of significance to this study, SG has been shown to be less responsive to musculoskeletal pain [21] . An overview of the overall study methodology is presented in Fig 1. 
Development of health states
Six HS for varying severities of flare were developed based on published literature relating to HRQoL in patients with SLE, patient blogs, interviews with patients (n = 12) and interviews with a group of clinical experts (rheumatologists (n = 7) and nurses (n = 2)).
A recruitment agency was used to recruit patients in the UK (n = 7) and JPN (n = 5); a patient screener was used to determine eligibility for the study. Patients from the UK and JPN were recruited due to potential differences in disease perception and management across countries, as the greatest degree of cultural disparity was expected between these two populations. To ensure accurate recall of experience of symptoms and impacts during a flare, all patients had to have had one or more flares within the past 12 months and have consulted with their doctor regarding the flare(s). Semi-structured telephone interviews with patients provided insights into the symptoms associated with varying severities of flare and the impact of flare on patients' HRQoL. A selection of quotes from the patient interviews are presented in Table 1 . Semi-structured telephone interviews with clinical experts provided additional insight into the symptoms associated with different organ manifestations and varying severities of flare.
The HS aimed to provide a simple and informative description of flare and reflected the experience of a hypothetical SLE patient, aged 41 years (based on mean age of SLE patients in published studies) [1, 3, 6, 22] . Given the heterogeneous nature of SLE, the number of HS needed to represent different organ manifestations (see Table 2 ) across varying severities of flare and had to be balanced with other factors such as unnecessary complexity and respondent fatigue. To capture increasing severities of flare, six HS were developed including three separate HS for severe flare (severe generalised flare, severe renal flare, severe CNS flare). HS were based on the EQ-5D descriptive system of mobility, self-care, pain, usual activities and emotional elements (see Table 1 ).
The HS descriptions were verified for accuracy, validity and cultural relevance by an independent expert group of Rheumatologists (n = 6).
Utility elicitation process
Utility values were elicited via face-to-face interviews using the TTO method with members of the general public in each country. Valuation of the HS by the general public are recommended as resource allocation in a publically funded healthcare system should be weighted by the general public's perception of disease burden [18] . The HS descriptions were piloted with 10 members of the general public to assess comprehensiveness. The outcome of the pilot study resulted in minor wording changes to the HS descriptions.
Based on other population studies, utilities were elictated from a minimum of 100 people from the general population, for each country to achieve a representative cross-section of society [23] . Geographic and demographically representative samples based on general population statistics were recruited, except for Japan where the Tokyo population was deemed to be representative for utility elicitation (see Table 3 ). Participants were recruited using a population screener, to ensure demographic quotas were met. Demographic data collected in each country included; gender, age, marital status, education, employment status and income. All interviews were audio recorded; participants provided written consent and were given reasonable compensation for their time (equivalent to £30 across the six countries).
Two exercises were completed during the interviews. The Visual Analogue Scale (VAS) exercise was completed as a warm-up to familiarise participants with the HS. The VAS is a scale ranging from 0 to 100 where 0 represents death and 100 represents best imaginable health. Each HS was read out in full to the participant by the interviewer, the participant was asked to rate the HS on the scale of 0 to 100. The participant was also asked to rate their own health at that moment in time on the VAS scale. Own health scores could be used to explore any inconsistencies in VAS or utility scores if required as own health can impact the evaluation of HS [18] . The TTO exercise used a horizontal scale representing 1-10 years in 'full health'. A hypothetical example was used to explain the TTO concept of trading time to live in a preferential state. Each HS was read to the participant; the participant was then asked to state their preference for 10 years in the HS followed by death or 10 years in 'full health' followed by death. A 'flip-flop/ping-pong' technique was used, where the participant was offered more or less time in 'full health' versus 10 years in the HS until a point of indifference was reached. Trading was further refined into months, weeks and days.
Data analysis
The TTO scores were recorded as number of years, months and days (≤10 years) for each HS. The scores were decimalised and divided by 10 to give a final utility score between 0 and 1 (e.g. utility score for 5 years 6 months = 5.5/10 = 0.55). A minimum utility score of 0 is where a participant rated the HS comparable to death and a maximum utility score of 1 is where the participant was unwilling to trade any time.
A minimum of 40 % of the audio recordings and the documented VAS and TTO scores from each country were quality checked by an independent analyst. In addition a minimum of 20 % of the score sheets were then cross compared against data input tables for each country, used for statistical programming, by an independent analyst. No participants were excluded from the analysis. Given that this study recruited a representative proportion of the general population in each country all responses were included to provide the most comprehensive societal perspective.
All scores were inputted into Microsoft Excel (version 2010), data were exported and analyses were performed using SAS (version 9.3). Descriptive analyses including mean, median, interquartile range, minimum, maximum and standard deviation of the VAS and TTO scores were derived. Paired, two-tailed t-tests were performed at the 5 % level on the VAS scores and TTO utility scores to test for significant differences between all HS combinations. No multiplicity adjustments were conducted.
Ethics
The study investigators reviewed publically available guidance within each country to determine if ethics approval was required for utility elicitation interviews. The relevant research ethics services in AU, CAN, ES, FR, UK confirmed that ethics approval was not required. Ethics approval was submitted for the study in Japan; approval was granted November 2013.
Results
Study population
In total 619 interviews were conducted across six countries, there were no instances of participants refusing to complete the TTO exercise; scores were recorded for all participants. The demographic split of participants across countries by gender and age is presented in Table 3 .
Utility results
The highest mean TTO utility scores were observed for the anchor HS (minimal disease activity); means ranged from 0.66 in JPN to 0.82 in UK. All flare HS were associated with a disutility compared with the anchor HS Table 4 .
There was no signal of the data not being normally distributed, the means were close to their corresponding medians (the highest difference is 0.1 for the anchor HS collected in Spain) and all SD were consistent across countries and HS (ranging from 0.18 to 0.30).
The lowest mean utility score recorded across all countries was for the severe generalised HS. Paired t-tests demonstrated a statistically significant difference between the utility scores for the mild, moderate and severe generalised HS (p < 0.001), across all countries, which suggests the perception of increasing severity of these HS is consistent across countries.
The mean scores for severe CNS flare and severe renal flare HS were consistently higher than the severe generalised flare HS. Paired t-tests demonstrated a statistically significant difference between the utility scores for the severe generalised HS and the CNS flare HS or severe renal flare HS (p > 0.005), across all countries. In the UK and Japan no statistically significant difference was observed between the moderate HS and the renal HS (p > 0.1). Therefore the perceived day to day impact of a severe generalised flare is greater than severe CNS or severe renal flare.
The VAS scores were used to validate the TTO scores. The general trend of the data across all countries suggests both the TTO utility and VAS scores decreased from the anchor health state to the severe generalised health state i.e. with increasing flare severity. The mean VAS score for own health was higher than the anchor HS (84.96 versus 62.91); suggesting SLE without flare also has a detrimental impact on HRQoL.
Discussion
The objective of this study was to elicit six utility values associated with increasing severity of flare. A decrease in utility was observed with increasing severity of flare. These data suggest, based on valuation by the general population, that flares of any severity are seen to have a disutility over the anchor HS (minimal disease activity). The lowest utility scores were recorded for the severe generalised flare HS, rather than the severe renal flare HS or severe CNS flare HS. Previously studies have reported no significant difference in HRQoL between SLE patients with and without renal involvement [9] . The clinical severity of severe CNS and severe renal flares is substantial; however clinical measures are based on physiological or pathological measurements and may have only little relationship to patients' feeling of wellbeing [11, 24, 14] . These findings are consistent with insights from patient experiences gathered during HS development, as the most bothersome symptoms during flare reported by patients (e.g. joints, pain, fatigue) did not always correlate with clinical severity. These findings highlight the importance of including patient perspective/ patient-reported outcomes alongside clinical outcomes in the development of new treatments for SLE.
Furthermore, these results are consistent with the existing literature. The severe generalised HS presented in this study included more severe musculoskeletal, fatigue and pain manifestations versus the severe renal flare HS and severe CNS flare HS. Additionally, the severe generalised HS description included more descriptive statements highlighting the emotional impact of these manifestations e.g. depression and anxiety associated with an inability to carry out daily activities and the perception of being a burden to family and friends. Previous reports suggest that SLE patients experiencing high levels of pain were also burdened with greater fatigue, anxiety and depression, and as a result had a significantly lower HRQoL [12, 14] . Patient-reported fatigue has been shown to have a significant impact on multiple aspects of an SLE patients' life (emotion, cognition, work, activities of daily living, social activities etc.) [13, 14] . Increased treatment and subsequent cumulative organ damage have been shown to be significant predictors of lower HRQoL scores [25] , and treatment-related adverse events have been found to have a negative impact on patient HRQoL in approximately 70 % of patients [26] . Increased medication and hospital visits were included within the flare HS Min-Max 0.01-1.00 0.01-1.00 0.00-1.00* 0.00-0.97* 0.00-1.00* 0.00-1.00* AU-Australia, CA-Canada, CNS-Central nervous system, ES-Spain, FR-France, JPN-Japan, SD-Standard deviation, UK-United Kingdom *Scores rounded to 2 decimal places, the minimum score recorded was 1 day (0 when rounded)
descriptors. Further research to quantify the impact of these factors on the general population's valuation of the HS descriptions is needed. Within our study the lowest utility scores were often observed in the Japanese cohort, with the exception of the severe renal flare HS and the severe CNS flare HS. Previous studies, not specific to SLE, have shown EQ-5D derived utility scores vary on average by 0.24 between Japan and the UK -this may be due to cultural disparities [27, 28] . Differences observed in utility scores may be reflective of differences in social preference weights between populations. These variations could be due to the general population's perception of disease severity and impact [29] ; descriptors within the HS may have resonated more with the general population in Japan.
The TTO methodology is a standardised tool for HS valuations by Health Technology Assessment (HTA) bodies [18] . The six HS were developed using interviews with physicians and patients as recommended by NICE; furthermore the HS were validated by independent expert rheumatologists from 5 different countries (AU, CA, ES, FR, JPN) [18] . Previously large differences in elicited utility values have been observed for the same HS when using different interviewers, due to methodological inconsistencies in the TTO exercise [30] . The utility scores elicited within this study are consistent across six countries, suggesting methodical limitations were minimal.
It is acknowledged, despite being a widely accepted method, there are some limitations to the TTO technique. Some authors have raised doubts over willingness to trade life for improved health and whether it reveals true preferences [31] . Although not observed within this study, ease of discussing trading off years has been identified as problematic particularly in religious or elderly populations [18, 32] . In addition, this TTO method did not allow for HS to be valued as worse than dead.
The HS may fail to capture all aspects of HRQoL which may influence valuation by the general public [33] . Descriptors within the HS may resonate differently with members of the general public, therefore it is acknowledged there may be a difference in the interpretation of the HS. However, during the development of the HS, pain and fatigue were both cited as the most bothersome by the patients; this was also reflected in some participants' TTO scores whereby the moderate HS was ranked as more severe than the severe CNS or severe renal HS. The authors observed during the patient interviews that clinical severity may not correlate with patients HRQoL. For example patients with severe underlying disease activity i.e. severe renal flare, may also experience mild skin and joint manifestations in addition to some indicative symptoms of kidney involvement such as headaches and swollen legs which were often cited as less bothersome.
Due to the heterogeneous nature of SLE, not all organ manifestations could be captured, therefore utility values derived from this study may not be applicable to other SLE manifestations of similar overall clinical severity. The HS did not capture the length or frequency of flares, as this is highly variable by patient, and the standard 10 year timeframe for the TTO exercise did not reflect the variation in actual survival between HS. SLE patients have previously reported considerable uncertainty surrounding their condition in particular relating to the timing, severity and future consequences of flare [34] . Uncertainty is closely related to increased anxiety and a negative impact on patient HRQoL [34] . Younger age is a significant predictor of uncertainty and subsequently of a lower HRQoL for SLE patients, as SLE may affect career development, fertility and ability to raise a family; these consequences have not been explored within this study [34] . Furthermore, a large SLE cohort study demonstrated that over the course of one year patients were more likely to experience periods of persistently active disease (PAD) than a flare episode [22] . The reported frequency of PAD compared to flare warrants further investigation into the disutility associated with PAD.
Utility values have been derived from the general population, in line with HTA guidance, rather than from patients with SLE. To ensure a demographic representation of society a 50:50, female to male ratio was used for utility elicitation, therefore gender neutral HS were developed. SLE predominantly affects females, 90:10 female to male ratio, as such health state development was guided by only female SLE patients. Further analyses by gender may elucidate any differences in perception of the HS by male and female members of the general public.
As a representative sample of the general population was recruited, the distribution of participants' age differs from that of a typical SLE population. Age has previously been found to have an impact on valuation of HS by the general public [18] . Within the utility elicitation participants must imagine they are a 41 year old SLE patient; however, it is acknowledged that participants will draw upon their own experiences and descriptors within the HS may resonate differently with members of the general public. Own health has also been found to have an impact on valuation of HS [18] , although in our sample mean VAS scores for own health were higher than the anchor HS in all countries [35] . Age and own health may be a contributing factor for any differences in perception and willingness to trade.
Despite these limitations this study shows that from a societal perspective increasing severity of flare is associated with a decrease in utility scores. The impact of flare on HRQoL, particularly of certain organ manifestations (e.g. musculoskeletal) is consistent with results reported in the literature. These results can be applied in future costutility analyses of healthcare interventions which aim to reduce the frequency and or severity of flares in SLE.
